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ABSTRACT 
INTRODUCTION: Women often complain of memory failures in pregnancy. Anemia is 
commonly diagnosed during pregnancy and has the potential for relative cerebral hypoxia and 
subsequent cognitive impairment. We hypothesize that participants with anemia during 
pregnancy will be more likely to report worse subjective memory than those without anemia.  
 
METHODS: We conducted a nested cohort study enrolling women carrying singleton or 
multiple, non-anomalous pregnancies at < 28 weeks’ gestation. Participants had at least one 
venipuncture during pregnancy and completed up to 4 serial subjective memory questionnaires. 
The primary outcome was subjective memory (considered continuously). For the purposes of 
bivariable analyses, participants scoring in the lowest quartile on the memory questionnaire 
(“lower” subjective memory) were compared to those scoring in the upper 3 quartiles (“higher” 
subjective memory). Data were analyzed using two-tailed t-test, chi-square, Wilcoxon rank-sum, 
and linear regression with repeated measures as appropriate using STATA v.16.0.  
 
RESULTS: 424 women met inclusion criteria; 117 (27.6%) had anemia. The lowest composite 
memory score during pregnancy did not differ by maternal anemia status (mean 29.6 ± 8.1 for 
anemic patients vs. 28.8 ± 7.1 for non-anemic patients, p=0.357). Scores on the subjective 
memory questionnaire were significantly lower during the second trimester compared to the first 
trimester, regardless of maternal anemia status. More than half of participants who completed 
one or more questionnaires in the second trimester (57.7%) and third trimester (59.7%) reported 
their memory worsened as a result of pregnancy. In contrast, fewer participants reported their 
memory worsened due to the pandemic (21.3%, 24.4%, and 24.8% in the first, second, and third 
trimesters, respectively). In regression models, anemia was not associated with subjective 
memory score, though trimester of pregnancy at the time of assessment remained associated with 
subjective memory. 
 
CONCLUSION: Many women self-report memory declines during pregnancy particularly 
during the second and third trimesters and attribute these declines to pregnancy itself. Maternal 
anemia was not significantly associated with subjective memory during pregnancy. Future 
studies should continue to investigate other factors that may contribute to reported memory 
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Introduction 
Women often report cognitive declines during pregnancy such as feelings of 
disorientation, mixing up words, and forgetfulness.1,2 While colloquially, this condition may be 
referred to as ‘pregnancy brain,’  these neurologic symptoms have been previously described as 
‘benign encephalopathy of pregnancy.’3  The most commonly reported symptoms of cognitive 
decline during pregnancy are memory-specific.4-6 For example, in a survey of 51 women across 
67 pregnancies, researchers Poser et al. found that 81% of women reported memory declines 
during pregnancy.3 Given the high frequency of memory impairment reports during pregnancy, 
research is necessary to investigate the possible clinical significance and etiologies of these 
subjective reports. 
Despite the high frequency of self-reported memory impairment in pregnant women, 
previous investigations of memory and neurocognitive function during pregnancy have shown 
mixed findings.  Some studies have found evidence of impaired recall ability during pregnancy.7-
9 In a cross-sectional study, Groot et al. found that women in their first trimester of pregnancy 
performed worse on intentional learning tests than non-pregnant controls.10 Similarly, 
Buckwalter et al. reported impaired verbal learning specifically in the last two months of 
pregnancy.11 However, other similar investigations did not find evidence of memory impairment 
during pregnancy.12,13 In light of these disparate findings, additional research is needed to 
understand the relationship between pregnancy and cognitive function and to identify factors that 
may contribute to gestational memory impairment. 
Several factors may contribute to cognitive impairment in pregnancy that may explain the 
mixed results in prior studies in this area. Anemia is a medical diagnosis based on the 
concentration of red blood cells and may be related to cognitive impairment. Specifically, 
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anemia can be defined as: hemoglobin concentration <11 g/dL or hematocrit – percentage of red 
blood cells in the blood – <33%, though these values slightly vary by trimester.1  Mild anemia in 
pregnancy is expected and anticipated due to normal hemodilution that occurs during pregnancy 
beginning around the sixth week. At this time, hemoglobin and hematocrit concentrations 
naturally decrease compared to disproportionate plasma volume expansion.14,15 However, 
pathologic anemia with a more significant drop in the hematocrit or low initial hematocrit level 
during pregnancy is also relatively common, with an incidence estimated at 6.1% in North 
America and 41.8% globally.1 Anemia has the potential for physiologic effects, as reduced 
oxygen carrying capacity of the blood may result in relative – albeit slight – cerebral hypoxia and 
subsequent cognitive impairment.16 Given the high prevalence of pathologic anemia in 
pregnancy and its potentially negative effect on memory performance, further research is needed 
to identify whether anemia may be associated with clinically significant neurologic symptoms.  
While many hypothesize that anemia adversely affects cognitive function, experimental 
findings are mixed. Dlugaj et al. tested this hypothesis and found that anemic individuals are at 
greater risk for mild cognitive impairment compared to non-anemic controls.17 While 
investigating factors associated with cognitive decline in a cohort of pregnant women, Poser et 
al. did not find a correlation between cognitive impairment in pregnancy and anemia.3 In 
contrast, Lucca et al. found that mildly anemic elderly subjects had significantly poorer results 
on selective attention tests.18 Additionally, a meta-analysis of 16 observational studies reports 
that anemia is significantly associated with mild cognitive impairment, vascular dementia, and 
Alzheimer’s disease.19 Multiple studies have assessed the effects of perinatal anemia on 
pregnancy outcomes20-22, but few consider effects of anemia on maternal neurologic state during 
pregnancy.  
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The heterogeneity of results from prior investigations on anemia and memory function 
may be explained by methodological differences in memory assessment. Cognitive function, 
including memory, can be assessed with several methods both objectively and subjectively.  
While objective tests can be indicative of cognition, they do not always accurately reflect an 
individual’s cognitive function. Personal accounts and subjective reports describe aspects of 
cognition that objective tests may not capture. Researchers Park et al. found significant 
interactions between subjective memory complaints and objective cognition.23 Results from a 
meta-analysis of subjective memory complaints and mild cognitive impairment show a 
significant association between subjective memory complaints and the development of cognitive 
impairment, further supporting the validity of subjective memory accounts.24  The memory 
survey used in the present study has been adapted from the Subjective Memory Questionnaire, 
originally formulated in 1980.25 Performance on the Subjective Memory Questionnaire correlates 
with typical objective memory tests such as the Face-Name Memory Test26 and the Digit Span 
Test27 with a weak positive relationship.  
The present study aims to investigate the effects of anemia on memory function during 
pregnancy. We hypothesize that women with anemia during pregnancy are more likely to score 
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This is a nested cohort study from the prospective Corona: Pregnancy Effects of Stress 
(COPES) study, which enrolled participants from 3/2020 – 3/2021 who were planning to deliver 
at the University of North Carolina. Participants were recruited by email within 6 weeks of an 
ultrasound or obstetric clinic visit. Tear-off flyers were also posted in obstetric clinics with study 
information and opportunities to directly enroll through a short email link. All procedures were 
approved by UNC-Chapel Hill’s Institutional Review Board (IRB# 20-0793). 
We included English or Spanish-speaking participants who were ≥ 18 years old, carrying 
viable non-anomalous pregnancies, and were less than 28 weeks’ gestation at the time of email 
invitation. We excluded women with major congenital anomalies or aneuploidy. At the time of 
enrollment, all study participants completed a series of online surveys including demographic 
information, prior pregnancy outcomes, validated questionnaires regarding stress and resilience, 
and a subjective memory questionnaire (added to the study on 4/20/2020). Participants 
conducted repeat surveys every 2 weeks, for a total of up to 4 survey assessment periods. 
Patients who delivered were ineligible to complete follow-up surveys.  
For the purposes of this analysis, we included women with at least one complete blood 
count or hemoglobin and hematocrit drawn prior to delivery and who completed at least one 
subjective memory questionnaire during their participation in the study. We excluded 
participants with known sickle cell anemia or other hemoglobinopathy (e.g., beta-thalassemia); 
carrier status for a hemoglobinopathy was not an exclusion criterion.  
 
Memory assessment  
The memory survey (Appendix A) was adapted from the Subjective Memory 
Questionnaire, and consisted of four parts, designed to self-assess participants’ memory 
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performance during pregnancy. The first section of the questionnaire asked participants to rate 
memory ability for certain criteria from “very bad” to “very good.” Participants were also asked 
whether they believe that the COVID-19 pandemic or their pregnancy has negatively affected 
their memory for names, directions, etc. Lastly, participants were asked to report frequency of 
occurrence of common memory failures from “rarely” to “very often.” The subjective memory 
questionnaire contains 12 questions, each scored from 1 to 5, with higher scores indicating 
‘better’ perceived memory. Therefore, the possible score range is 12 (worst possible memory 
score) to 60 (best possible memory score). 
Primary exposure  
The exposure variable in this study is anemia, and was defined in a trimester-specific 
manner using American College of Obstetricians and Gynecologists28 criteria. Briefly, patients 
were considered to have anemia if their hematocrit was less than the following values, as 
follows: first trimester (up to 136/7 weeks) <33.0%; second trimester (140/7 – 276/7 weeks) 
<32.0%; and third trimester (280/7 – delivery) <33.0%. Patient chart abstractions were manually 
performed to obtain complete blood count labs (when available) including white blood cell, 
hemoglobin, hematocrit, and mean corpuscular volume values throughout pregnancy.  
We included all blood count values obtained after the participant’s last menstrual period 
(if known), but excluded any values drawn at the time of or after delivery. This range of included 
blood counts was designated to reduce the likelihood of inadvertently including any pre-
pregnancy or immediately postpartum hematocrit values that may have reflected delivery-related 
acute blood loss anemia and not true anemia.  
Statistical analysis 
To characterize the study population, we conducted a univariate analysis comparing 
demographic information, past medical history, and past obstetric history in participants by 
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subjective memory score. For the purposes of bivariable analyses, participants scoring in the 
lowest quartile on the memory questionnaire (“lower” subjective memory) were compared to 
those scoring in the upper 3 quartiles (“higher” subjective memory). For those participants with 
more than one memory score, the worst (lowest) score was used for this classification. 
The primary outcome was the subjective memory questionnaire score, considered 
continuously.  Secondary outcomes were self-report of worsening memory status due to 
pregnancy and due to the COVID-19 pandemic. To account for non-independence within the 
dataset given multiple subjective memory measures per patient, a repeated mixed measures 
linear regression model was fit to discern the relationship between the subjective memory score 
and trimester of memory assessment, stratified by anemia status. Within the repeated mixed 
measures regression model, we included several key confounding variables likely to affect 
subjective memory a priori. These variables included advanced maternal age at due date 
(dichotomous, ≥35 years of age or <35 years of age), the presence of one or more psychiatric 
diagnoses (dichotomous, yes/no), and subjective reports of poor sleep (dichotomous, yes/no, 
defined by each participant’s response to the survey question, “Are you currently having 
difficulty sleeping?” at one or more survey timepoints). Independent variables with a p-value of 
<0.20 and the diagnosis of anemia at any point in pregnancy remained in final models. In 
addition, we performed contrasts of categorical variables and their interactions by evaluating for 
a difference in composite scores by trimester and by anemia status using marginal predicted 
probabilities after the regression models were finalized. 
 Demographic characteristics of the cohort were evaluated using bivariate tests of clinical 
characteristics stratified by subjective memory score using two-tailed t-test, chi-square, and 
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Wilcoxon rank-sum as appropriate using STATA statistical software (version 16.0, College 
Station, TX). Medians were compared for continuous data that were not normally distributed. 
Results 
Comparison of subjective memory score by demographic and health characteristics 
 
424 women met inclusion criteria. Of these, 117 (27.6%) had anemia during pregnancy. 
The lowest composite memory score during pregnancy did not differ by maternal anemia status 
(mean 29.6 ± 8.1 for anemic patients vs. 28.8 ± 7.1 for non-anemic patients, p=0.357). The 25th 
percentile for the lowest composite memory score was 24 (n=85). Overall, 93 (21.9%) 
participants completed one memory questionnaire, 137 (32.3%) completed two, 101 (23.8%) 
completed three, and 93 (21.9%) completed four memory questionnaires.  
Demographic and health characteristics comparing women with scores less than 24 
(lower subjective memory) vs. those with scores ≥24 (higher subjective memory) are shown in 
Table 1. Memory scores differed between participants with one or more psychiatric diagnoses 
compared to those with no psychiatric diagnosis. There were significantly more participants with 
one or more psychiatric diagnoses in the higher subjective memory group (p=0.005).  
Table 1. Demographic and health characteristics stratified by memory score status.  
Data are n (%) unless specified 
 








Maternal age at due date 
(mean years, ± SD) 
33.8 ± 4.6 33.4 ± 4.6 0.479 
Advanced maternal age (age ≥ 35) 
at due date 
39 (45.9) 152 (44.8) 0.863 
Anxiety 25 (29.4) 129 (38.1) 0.139 
Bipolar 2 (2.4) 10 (3.0) >0.99* 
Depression 19 (22.4) 87 (25.7) 0.528 
Any psychiatric diagnosis 28 (32.9) 169 (49.9) 0.005 
Therapist 5 (5.9) 38 (11.2) 0.164 
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Anemia (by trimester, per ACOG) 22 (25.9) 95 (28.0) 0.693 
Hematocrit 
- Maximum, mean ± SD 
- Minimum, mean ± SD 
- Mean ± SD 
- Median, IQR 
 
38.9 ± 3.1 
34.9 ± 3.3 
36.8 ± 2.9  
36.7 (36.1, 37.4) 
 
39.3 ± 2.8 
35.0 ± 3.1 
37.0 ± 2.6 






Lowest mean corpuscular volume, 
± SD 
88.9 ± 4.8 88.8 ± 5.7 0.921 
Lowest mean corpuscular volume 
<80 (microcytic / iron deficiency) 
4 (4.7) 23 (6.9) 0.468* 
*Fisher’s exact test 
ACOG, American College of Obstetricians and Gynecologists. 
 
Factors associated with subjective memory scores 
 
To determine whether factors such as anemia status and trimester of memory assessment 
were associated with subjective memory scores, we conducted a mixed effects linear regression. 
Results of the regression analysis are shown in Table 2. Subjective memory scores did not differ 
by maternal anemia status when considering anemia alone (p=0.692) and when considering 
anemia with the trimester of memory assessment (p=0.170 for second trimester, p=0.222 for 
third trimester). The trimester of memory assessment was a significant predictor of the subjective 
memory score, with significantly lower subjective memory scores in the second trimester (β = -
0.76, p=0.038).  
Table 2. Mixed effects linear regression results showing factors associated with subjective 
memory scores 
Characteristic coefficient  95% CI p value 
Anemia 0.37 -1.45, 2.19 0.692 
Time period: 
    First trimester 
    Second trimester 














     Anemia*2nd trimester 










Any psychiatric diagnoses -3.35 -4.69, -2.02 <0.001 
Difficulty sleeping -1.28 -2.62, 0.054 0.060 
Age ≥35 at due date 1.17 -0.16, 2.49 0.084 
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Difference in subjective memory score by trimester of memory assessment stratified by anemia 
status 
 
To determine whether subjective memory score differed between trimesters of memory 
assessment, we contrasted categorical variables and their interactions using marginal predicted 
probabilities. Results of this analysis are shown in Table 3.  Subjective memory scores were 
lower during the second trimester in participants with anemia (β = -1.76, p=0.005) and without 
anemia (β = -0.76, p=0.038). Participants with anemia also had significantly lower subjective 
memory scores in the third trimester (β = -2.23, p=0.033). Figure 1 displays the results of this 
analysis.  
Table 3. Contrasts of marginal linear predictions 
Trimester Anemia Contrast 95% CI p value 
2nd vs. 1st  No -0.76 -1.47, -0.04 0.038 
3rd vs. 1st  No -0.72 -2.00, -0.55 0.265 
3rd vs. 2nd  No 0.036 -1.06, 1.13 0.949 
2nd vs. 1st Yes -1.76 -3.01, -0.52 0.005 
3rd vs. 1st Yes -2.23 -4.27, -0.18 0.033 
3rd vs. 2nd Yes -0.46 -2.17, 1.24 0.594 
 
 
Figure 1. Predictive margins from linear prediction of composite memory scores (mean) across 
trimester of pregnancy, by maternal anemia status. 
 
Self-report of worsening memory status due to pregnancy 
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The results of survey responses to the question “Has your memory gotten worse for any 
of these things since being pregnant?” are shown in Table 4, stratified by trimester of memory 
assessment and maternal anemia status. Of participants who filled out the subjective memory 
questionnaire, 63 (42.2%) in their first trimester indicated that their memory was worse in at 
least one domain due to pregnancy. 124 (57.7%) participants in their second trimester and 149 
(59.7%) participants in their third trimester also reported worsening memory in one or more 
domains, attributing it to their pregnancy. Self-reports of memory declines did not differ by 
maternal anemia status. 
Table 4.  Self-reported worsening memory attributed to pregnancy by trimester of assessment, 
by anemia status during pregnancy. 
 
Characteristic Anemia  No anemia p-
value 
First trimester: n=153 with ≥1 survey response 
- Number of participants indicating memory is 
worse in ≥ 1 domain due to pregnancy 
- Number of domains (1-9) memory worsening 













Second trimester: n=215 with ≥ 1 survey response 
- Number of participants indicating memory is 
worse in ≥ 1 domain due to pregnancy 
- Number of domains (1-9) memory worsening 













Third trimester: n=250 with ≥1 survey response 
- Number of participants indicating memory is 
worse in ≥ 1 domain due to pregnancy 
- Number of domains (1-9) memory worsening 



















Self-report of worsening memory status due to the COVID-19 pandemic 
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The results of survey responses to the question “Has your memory gotten worse for any 
of these things since the COVID-19 pandemic started?” are shown in Table 5, stratified by 
trimester of memory assessment and maternal anemia status. Of participants who filled out the 
subjective memory questionnaire, 32 (21.3%) participants in their first trimester indicated that 
memory was worse in at least one domain due to the pandemic. 51 (24.4%) participants in their 
second trimester and 56 (24.8%) participants in their third trimester reported worsening memory 
in one or more domains, attributing it to the pandemic. Self-reports of memory declines did not 
differ by maternal anemia status. 
Table 5.  Self-reported worsening memory attributed to pandemic by trimester of assessment, by 
anemia status during pregnancy. 
Characteristic Anemia  No anemia p 
value 
First trimester: n=150 with ≥1 survey response 
- Number of participants indicating memory is 
worse in ≥ 1 domain due to pandemic 
- Number of domains (1-9) memory worsening 













Second trimester: n=209 with ≥ 1 survey response 
- Number of participants indicating memory is 
worse in ≥ 1 domain due to pandemic 
- Number of domains (1-9) memory worsening 













Third trimester: n=226 with ≥1 survey response 
- Number of participants indicating memory is 
worse in ≥ 1 domain due to pandemic 
- Number of domains (1-9) memory worsening 
















Overall, this study strengthened the existing literature on factors that may be associated with 
subjective memory complaints during pregnancy. The hypothesis that subjective memory scores 
differ by maternal anemia status was not supported. Although there were trends toward lower 
memory scores in women with anemia, they were not significant. Independent of anemia status, 
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over half of women in both their second and third trimesters attributed their memory declines to 
pregnancy. Fewer total participants responded to the COVID-19-related portion of the survey 
than those who provided responses about pregnancy-related memory declines. However, a 
notable number of women also attributed their memory declines to the COVID-19 pandemic.  
Trimester-specific memory performance 
Interestingly, subjective memory scores were significantly lower in the second trimester 
regardless of maternal anemia status. Memory scores were also lower in the third trimester 
compared to the first trimester in participants with anemia. There are limited prior investigations 
on trimester-specific memory performance in pregnancy, but the existing literature is consistent 
with our findings of memory declines in the second and third trimesters. Another longitudinal 
study found that pregnancy-related explicit memory performance significantly differed from the 
second to the third trimester, worsening in the third trimester.29 A similar investigation assessing 
both subjective and objective memory in pregnant participants reported that memory deficits 
were most pronounced in the second trimester of pregnancy, further supporting our findings.5 
Another study comparing verbal recall memory performance in primiparous vs multiparous 
subjects reported a significant decline in memory within the third trimester.30 Additionally, the 
researchers found that multiparity was associated with worsened memory performance, 
suggesting that maternal memory may not only worsen over the course of gestation but become 
cumulatively impaired in subsequent pregnancies.  
Psychiatric diagnoses and memory function 
In addition to trimester of memory assessment, the presence of a psychiatric diagnosis was 
also associated with subjective memory scores.  The presence of at least one psychiatric 
diagnosis such as anxiety, depression, or bipolar disorder ‘protected’ against a low score on the 
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subjective memory questionnaire. Significantly more participants with at least one psychiatric 
diagnosis scored in the upper 3 quartiles on the memory questionnaire than those who scored in 
the lowest quartile. This finding conflicts with the prior literature on psychiatric diagnoses and 
memory function. Current evidence in the field suggests that psychiatric diagnoses, specifically 
mood disorders, may have adverse effects on cognitive abilities, though findings are mixed. 
Previous investigations have found that major depressive disorder results in clinically significant 
cognitive deficits31 and is a risk factor for Alzheimer’s dementia.32 However, other investigations 
have found only mild compromises in verbal function33 or no correlation between mood 
disorders and cognition.34 In addition to mood disorders, our dichotomous variable for the 
presence of a psychiatric diagnosis included the diagnosis other disorders such as anxiety and 
panic disorder. While our study design does not permit direct evaluation of the etiology 
underlying the findings of higher subjective memory among individuals with psychiatric 
diagnoses, we speculate that this result may be related to the hypervigilant behavior that is 
characteristic of anxiety disorders, which were the most common psychiatric diagnosis within 
this cohort.  
Implications of memory failures in the postpartum period 
Regardless of the various etiologies underlying cognitive failures during pregnancy, the 
results from the subjective memory questionnaire show a high frequency of self-reported 
memory declines that have implications for both mother and child. Pregnancy-related memory 
failures, should they persist into the postpartum period, would likely add an additional stressor to 
the already demanding transition from pregnancy to postpartum. The current findings on 
memory performance beyond pregnancy are promising. Researchers Buckwalter et al. reported 
improvements in participants’ paragraph recall memory in the postpartum period compared to 
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participants in their third trimester.11 Similarly, researchers Casey et al. found declines in 
absentmindedness and forgetfulness in the postpartum period compared to pregnancy.35 A 
longitudinal study found no significant difference in explicit memory ability between postpartum 
and control participants following impaired memory performance in participants’ third 
trimester.29 Fortunately, although it is widely experienced in pregnancy, gestational memory 
impairment appears to be a transient condition. 
Strengths and limitations 
Strengths of this study included the prospective study design, the availability of many 
demographic characteristics through the data extraction methodology, and available data 
throughout all three trimesters of pregnancy. In addition, many women had repeated memory 
assessments; thus, results do not rely upon a single assessment per individual. Despite these 
strengths, this study was limited by the use of a self-reported memory assessment. Although 
prior investigations have shown a significant correlation between subjective and objective 
memory measures,23,24 there is no clinically significant cutoff for ‘poor’ vs ‘good’ memory for 
the subjective memory questionnaire employed in the present study. The use of an objective, 
clinically validated memory assessment may yield different results. Finally, because most 
women did not have blood draws to assess for the presence of anemia at the time they completed 
the memory assessment, we considered anemia as a dichotomous characteristic (present/absent) 
during pregnancy. Evaluation of anemia at the time of memory assessment may provide a more 
accurate, direct correlation between the hematocrit and memory. 
Conclusions 
Despite compelling evidence regarding the association between anemia and cognitive 
declines, anemia status during pregnancy was not a significant predictor of subjective memory 
scores. Irrespective of anemia status, a large number of women reported memory failures during 
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their pregnancy, especially in the second and third trimesters. To optimize the management of 
gestational memory impairment, future investigations should continue to investigate the possible 
clinical significance of subjective memory complaints during pregnancy and the etiologies 
underlying these reports. 
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